Universality in language has been a core issue in the fields of linguistics and psycholinguistics for many years (e.g., Chomsky, 1965). Recently, Frost (2012) has argued that establishing universals of process is critical to the development of meaningful, theoretically motivated, cross-linguistic models of reading. In contrast, other researchers argue that there is no such thing as universals of reading (e.g., Coltheart & Crain, 2012). Reading is a complex, visually mediated psychological process, and eye movements are the behavioural means by which we encode the visual information required for linguistic processing. To investigate universality of representation and process across languages we examined eye movement behaviour during reading of very comparable stimuli in three languages, Chinese, English and Finnish. These languages differ in numerous respects (character based vs. alphabetic, visual density, informational density, word spacing, orthographic depth, agglutination, etc.). We used linear mixed modelling techniques to identify variables that captured common variance across languages. Despite fundamental visual and linguistic differences in the orthographies, statistical models of reading behaviour were strikingly similar in a number of respects, and thus, we argue that their composition might reflect universality of representation and process in reading.
Introduction
The issue of universality has been central to linguistics and psycholinguistics for decades. Chomsky (1965) argued that ''. . .the main task of linguistic theory must be to develop an account of linguistic universals that, on the one hand, will not be falsified by the actual diversity of languages, and, on the other, will be sufficiently rich and explicit to account for the rapidity and uniformity of language learning, and the remarkable complexity and range of the generative grammars that are the product of language learning" (pp. 27-28). In a recent article, Frost (2012) makes a strong argument for a Universality Constraint in relation to reading, suggesting that psychological models of the process of reading should reflect cognitive operations that are common across languages with different writing systems or scripts. In his thesis, Frost goes beyond the traditional Chomskyan notions of universality, making the case for cross-linguistic commonality at the level of cognitive processing. Frost further argues that establishing reading universals is a prerequisite for the development of meaningful, theoretically motivated cross-linguistic models of reading. The responses to Frost's target article are very interesting in that they reveal a broad spectrum of views pertaining to the issue of universality in relation to written language processing, ranging from broad agreement (e.g., Feldman & Moscoso del Prado Martin, 2012) through to the suggestion that there are no such things as universals of reading (Coltheart & Crain, 2012) . The views delivered in the article along with the responses to them provide a very relevant context to the experimental project that we report here. We were keen to investigate whether it might be possible to identify factors that could account for common variance across very different written languages in an on-line measure known to reflect moment-to-moment cognitive processing during reading. Our objective in doing this was to first establish whether such variables did exist, and if so, try to evaluate whether those variables might represent universal aspects of reading. If such universals do exist, they represent common principles by which the written language processing system extracts information from print across different languages. Indeed, if this is the case, then one of the strongest predictions that can be made on the basis of Frost's universality formulation is that whilst different writing systems may visually represent linguistic information in quite different ways, the extraction of meaning from comparable units of language should require http://dx.doi.org/10.1016/j.cognition.2015.10.013 0010-0277/Ó 2015 Elsevier B.V. All rights reserved.
